ABSTRACT There are four lineages of primate T-cell lymphocytic viruses (human T-cell lymphocytic virus [HTLV]/simian T-cell lymphocytic virus [STLV]), which are further divided into subtypes. To date, there is only one full-length HTLV-1 subtype b genome available. Here, we report the genome of a new STLV-1 subtype b from a 43-year-old male gorilla with T-cell lymphoma.
H
uman T-cell lymphotropic viruses (HTLVs) and simian T-cell lymphotropic viruses (STLVs) are collectively called primate T-cell lymphotropic viruses (PTLVs) (1) . There are to date four known lineages of PTLVs, named PTLV-1 to PTLV-4, which infect a wide variety of humans and nonhuman primates (NHP) worldwide (2) . PTLV lineages are divided into subtypes, and the four HTLV lineages have simian counterparts in monkeys and apes (3) corresponding to multiple cross-species transmissions from NHP to humans. The majority of human cases are due to the so-called cosmopolitan subtype of HTLV-1. Overall, HTLV-1 causes adult T-cell leukemia, a neurological disorder, or an inflammatory disease in less than 10% of infected patients (4) . HTLV-2 is less pathogenic than HTLV-1 (5), and the clinical consequences of the few recorded HTLV-3 and HTLV-4 infections are currently unknown (6) . In NHP, a few reported studies describe lymphomas/leukemias in captive gorillas (7) and macaques (8) .
In Africa, infection with STLVs from the four lineages is endemic (9) . Gorillas transmitted the so-called central African subtype of HTLV-1 (subtype b) and STLV-4 to humans (10) . However, to date, only a single full genome of HTLV-1 subtype b has been characterized (11) , and no full genomes of its primate ancestor have been characterized.
Here, we report the complete nucleotide sequence of an STLV-1 subtype b infecting a wild-born captive gorilla. Kumba (international studbook number 629) was a male western lowland gorilla (Gorilla gorilla gorilla) born wild in 1973 in southern Cameroon. At the age of 3 years, he was rescued after his mother was killed by hunters. He was transferred to a primate center and subsequently to Duisburg Zoo in Germany in 1976, then to the Amsterdam Zoo in 1999, and finally to the Antwerp Zoo in Belgium in 2002, where he died at the age of 43 years in 2016. Kumba did not suffer from any major disease between 2002 and November 2015. In December 2015, he became lethargic, lost his appetite, and was finally euthanized in the beginning of 2016. The necropsy showed a pancreas tumor, which was, according to the histopathology, a T-cell lymphoma. This observation prompted us to screen for STLV. By serology (INNO-LIA HTLV I/II score, Fujirebio), the sample was found positive for STLV-1, a result that was confirmed by a generic PTLV diagnostic PCR in the tax gene (12) performed on DNA extracted from a pancreas biopsy specimen by use of a Qiagen DNA tissue extraction kit. We determined the full genome of the novel STLV-1 sequence by PCR amplification and sequencing of subgenomic fragments of the genome. Generated sequences were assembled and corrected with SeqMan Pro 10.1.1 (DNAStar, Madison, WI, USA).
The full genome (STLV-1M10431) is 8,361 bp long and contains the pX gene in addition to the canonical gag, pol, and env genes common to all retroviruses. Interestingly, STLV-1M10431 encoded a functional HBZ protein in the reverse strand of the viral DNA, which was shown to play a role in the proliferation and maintenance of leukemic cells (13) . Phylogenetic analyses showed that this isolate belongs to the PTLV-1 subtype b lineage throughout the whole genome. STLV-1M10431 is thus the first full-length genome of the subtype b STLV-1 sequence in NHP and only the second fully sequenced PTLV-1 subtype b. Accession number(s). STLV-1M10431 was deposited in GenBank under the accession number MF622054.
